In this paper a multiregional input-output model is proposed and used to estimate time series trends for water use, water footprint and water trade balance. By using data provided by the World Input-Output Database, the water used in production, consumption and trade is quantified for 41 world regions between 1995 and 2008. Results show that global water use grew by 37.3%, with China, India and Brazil contributing most to that increase. China and India, together with the EU-27, were also responsible for the largest water footprint variations. In terms of trade, the EU-27 was the largest water importer and China and India the main water exporters. The results provided in this paper offer an overview of the main countries' responsibility for the use of water resources. They provide a good starting point for international debates and policies on sustainable water use.
Introduction
During the last century water use has been increasing at more than twice the rate of population growth, making water scarcity one of the most urgent challenges facing human society in the 21 st century (UNESCO WAPP, 2006) . Water stress generated by pollution and climate change, a growing world population and an increasing water demand are some of the most important factors affecting the local and global availability of fresh water resources (Vorosmarty et al., 2000; Rosegrant et al., 2002) .
Despite researchers and international organizations increasingly highlighting the global dimension of water changes, most governments still manage water resources from a national perspective, focusing on the use of water within national territories, and ignoring both the large-scale impacts generated by local water use and the global dimensions of water supply. For this reason the majority of water policies are unable to address the issue in an over-national perspective and plans for water policies moving beyond the regional borders are still lacking . The lack of data and analysis able to identify countries' responsibility on water trade and consumption is one of the main element making difficult the design of effective water policies and the consequent agreement between countries. In the present context of globalization, where different world regions are ever more integrated into global markets, large volumes of water are implicitly traded between regions, extending water responsibilities far beyond national borders.
To better investigate the existing differences between water demand, water supply and the geographical distance between them, the concepts of water footprint and virtual water trade were elaborated in the 1990s, and, since then, an increasing number of studies have been carried out to quantify these parameters. The water footprint, originally proposed by Hoekstra and Hung (2002) , in an analogy of the ecological footprint (Rees, 1992) , originates from the concept of 'virtual water' proposed by Allan (1993) , in which the water footprint of a nation is the total volume of fresh water used to produce the goods and services demanded by the population of the nation, wherever this water has been used. In a similar way, the virtual water trade refers to the water embedded in the products traded between countries (Hoekstra and Hung, 2002; Zimmer and Renault, 2003) .
Based on these concepts, a large number of studies have quantified the water footprint of countries and the water embodied in products (Oki and Kanae, 2004; Hoekstra and Chapagain, 2007; Hoekstra, 2007, 2008; Chapagain et al., 2006; Chapagain and Orr, 2009; Hubacek et al., 2009; Zhang et al., 2011; Feng et al., 2012; Steen-Olsen et al., 2012) . In spite of the global dimension of water changes, the majority of these studies involve only a local perspective, and very few researchers have focused on a global analysis (Hoekstra and Hung, 2002; Hoekstra and Chapagain, 2007) . Recently, Hoekstra and Mekonnen (2012) presented the first global estimation of water used and traded between countries. However, as their work covered an annual average for the period 1996-2005, the results do not show global water changes over time. Steen-Olsen et al. (2012) use a global model to estimate the water consumption and the (blue) water footprint of the EU-27 but also for one single year (2004) . More recently, Roson et al. (2015) use a global model and the World Input-Output Database (WIOD) to decompose the change in the water footprint. In this paper we go a step beyond and provide, for the first time, complete time series data for global water use, 1 water footprint (including results by consumption category) and water trade balance for the period 1995-2008. By using a multiregional input-output model and data from the WIOD, we provide water estimations for 40 regions: the 27 Member States of the European Union (EU-27), Australia, Brazil, Canada, China, India, Indonesia, Japan, South Korea, Mexico, Russia, Taiwan, Turkey, and the United States, and for the Rest of the World (RoW) as an aggregated region. The time series data provided in this paper are essential information both for the scientific community and for the policy arena. By estimating the water use, the water footprint and the water trade balance that took place at a global level for more than a decade, this paper supplies key information to aid investigation into key drivers in the use of water, to analyze the water dependency of countries, to asses country's responsibilities in terms of hydric stress and scarcity from a global perspective, to investigate the impacts of international trade and, ultimately, to help plan policies for a global sustainable water strategy.
The paper is structured as follows. Section 2 presents the database and explains the multiregional input-output method used to quantify the water use, the water footprint and the water trade balance. Section 3 summarizes the disaggregated results for water use, water footprint and water trade balance. Section 4 concludes. Additional data and tables are reported in the appendix.
Data and Method

Data
The World Input-Output Database is composed of a set of harmonized supply, use and symmetric multi-regional I-O tables reported both at current and previous year prices, and disaggregated between 35 industries, 59 products and 5 categories of final demand. The time period covered is 1995 to 2009, 2 and it includes data for 40 countries plus the Rest of the World (RoW) as an aggregated region. The WIOD also includes socio-economic and environmental satellite accounts for energy, emissions, water, land and materials.
The water data provided in the WIOD are used in this paper to calculate, for the first time, the water use, the water footprint and the water trade balance for all the countries reported in the database (for further information see Timmer et al., 2012) . From a methodological point of view, water data in the WIOD are estimated by using the concepts of blue, green and grey water as proposed by . In addition, the agricultural water use of the WIOD has been estimated based on data on crop production and livestock provided from FAOSTAT and based on the crop and livestock water intensities proposed by Mekonnen and Hoekstra (2010a; . Similarly, the water evaporated from artificial reservoirs to produce electricity has been calculated using the world average water use per unit of electricity as estimated by Mekonnen and Hoekstra (2011b) and the hydropower generation from the IEA. The use of water in other economic sectors has been calculated by using the total water use in industry as reported by Mekonnen and Hoekstra (2011a) , the shares of water use by industry in the EXIOPOL database, and the sectoral gross output at constant prices from the WIOD. Finally, water use by households is estimated on the basis of the average domestic water supply from Mekonnen and Hoekstra (2011a) and population data from the United Nations.
Method
Two different approaches have generally been used in literature to quantify the water footprint and virtual water trade of countries, namely: the bottom-up approach and the top-down approach (see Feng et al., 2011 and Antonelli et al., 2012 for a detailed description and discussion of differences). In this paper we use a top-down approach using a Multi-Regional Input-Output (MRIO) model.
MRIO models have been widely used to calculate footprints and to analyze the environmental consequences of trade Wiedmann et al., 2007; Wiedmann, 2009; Wiedmann and Barrett, 2011) . Although these models have generally been used to estimate CO2 emissions, some applications exist for calculating the water footprint and the virtual water trade of specific countries (Feng et al., 2011 , Steen-Olsen et al., 2012 . A methodology is described in this paper for the case of 3 regions (1, 2 and 3) with n sectors, and 1 type of water but it could be applied to any number of regions and sectors. In this paper, the MRIO model will be applied to 41 regions (40 countries plus the rest of the world considered as an aggregated region), 35 industries, 3 final demand categories, and 3 types of water.
The starting point for the model is the MRIO hr are the use of blue and grey water by households in region r. Therefore, the total use of water in region 1 would be given by the sum of the sectoral water use plus the direct water use by households, as reported in equation [1] : 31  33  3  23  2  13  1  21  32  3  22  2  12  1  11  31  3  21 
where 1 g is a column vector that represents the domestic final demand of country 1:
The difference between the water embodied in exports and imports gives the water trade balance 1 wtb as shown in equation [7] :
A deficit/surplus in the water trade balance indicates that the water embodied in imports is greater/less than the water exported. Moreover, a deficit in the water trade balance indicates that, in the absence of trade, ceteris paribus, the current domestic water use of a country would not be able to satisfy its domestic final demand (the contrary applies to a surplus). In this regard, it can be demonstrated that the total water footprint of a country is identical to its water use plus the water embedded in its imports minus the water embedded in its exports. In other words, as reported in equation [8] , the total water footprint of a country is identical to its total water use minus its water trade balance:
From equations [1] and [7] we can define the domestic coverage ratio 1 wdcr of equation [9] as the share of the water footprint of region 1 that is covered by its water use:
Similarly, it is possible to calculate the virtual water embodied in the trade and the water footprint of the other two regions.
Finally, the water footprint can be split into the different components of the final demand (private consumption, government consumption and investment) and water types (blue, green and grey).
Moreover, private consumption can be further disaggregated according to consumption categories as follows. The first step consists of allocating part of the impacts embodied in transport and wholesale and retail trade margins to the sectors that incorporate these margins. To this end, country-specific information on margins paid and received from EUROSTAT for the EU-27 countries and the EU-27 structures for non-EU-27 countries were used. Furthermore, the household footprint by consumption category can be obtained by distributing the footprint calculated in the previous step to COICOP consumption categories, using bridge matrices created by the Joint Research Centre, Institute for Prospective Technological Studies of the European Commission.
Results
The multiregional input-output model presented above and the WIOD have been used in this paper to calculate the water use, the water footprint and the water trade balance for 40 countries and for the Rest of the World for the period 1995-2008. Section 3.1 and Section 3.2 summarizes the results for water use and water footprint. Section 3.3 summarizes the water trade balance, together with the domestic coverage ratio. Disaggregated data for the 40 countries plus the rest of the world together with complete time series analysis are reported in the appendix. Further results can also be found in (Arto et al., 2012a, b) 
Water use of countries
According to equation [1] of the model, the water use is calculated as the sum of the blue, the green and the grey water directly used within a country by economic sectors plus the blue and grey water directly used by households. The main results show that:
 According to data reported in Table A .1 of the appendix, between 1995 and 2008 the global water use increase by more than 37.3%, corresponding to 2.5% annual growth rate. China, India and Brazil were the countries that performed the largest absolute and percentage variations. Japan has been the only non EU-27 country to reduce the water use.
 In Figure 1 , the per capita water use is reported together with the population for the year 2008. At global level, the average per capita water use is 1,780 m 3 /cap (red line in Figure 1 ). However, large differences exist in the distribution of water use across countries. In 2008, 14.1% of the world population with a per capita water use above the world average was responsible for 29.4% of the total water use. Meanwhile, 85.9% of the population, with a water use per capita below the world average, used 70.6% of the global water use.
 Canada, Australia, Russia, Brazil and United States are the countries with the higher per capita water use. The size of the agricultural sector and/or the volume of exports of agricultural products in relation to the population are key factors in these figures. The most populates world regions, i.e. China and India have a per capita water use that run below the world average.
 According to data reported in Table A 6,000 7,000 8,000
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Water footprint of countries
Water footprint is defined as the water used both domestically and abroad to produce the goods and services consumed in a country plus the water used directly by households within the countries (Hoekstra and Hung, 2002) . By using equation [4] , reported in the previous paragraph, we calculated the water footprint of countries together with the variations across the period. The main results show that:
 According to data reported in Table A .3 of the appendix, between 1995 and 2008, the global water footprint increased by more 37.3% 4 . China was the country with the largest increase, followed by the EU-27, India and United States. Japan has been the only non EU-27 country to reduce the water footprint.
 Within the EU-27, all Member States, with the exception of Bulgaria, increased their water footprint. Spain and the United Kingdom had the largest variation.
 In per capita terms, the average water footprint amounted to 1,780 m 3 /cap in 2008 (red line in Figure 2 ). However, as in the case of water use, many differences exists between countries. In 2008, 26% of the world population, with a water footprint above the world average, accounted for 43% of the global water footprint, while the 74% of the population that showed a water footprint below the world average consumed 57% of the water resources. China, India and the countries included in the Rest of the World region show a per capita water footprint running below the world average.
 Between 1995 and 2008 the global water footprint per capita grew by 17%, with an annual growth rate of 1.2%. Russia is the country with the largest increase, followed by China, EU-27 and Indonesia. Japan was the only country to reduce its per capita value. Table A .4 of the appendix summarizes the absolute and the percentage variations disaggregated between countries and years. 8,000 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000 6,500 To investigate the main factors influencing the water footprint of the different countries considered in this paper, a disaggregated analysis has been performed for final demand categories, including eight categories of private consumption plus the direct use of water by households, government consumption and investment. According to data reported in Figure 3 :
 Food and drinks have the largest share of water footprint in all the countries analyzed except China and Canada. In the case of China this result is due to the high contribution of the water footprint of investment (29% of the total water footprint compared to 11% at the global level). In the case of Canada, the lower contribution of food and drinks is linked to the high share of housing, fuel and power (23% of the total water footprint compared to 6% at the global level), resulting from the high share of hydropower generation in the Canadian electricity mix.
 The share of the water footprint linked to the private expenditure in recreation, restaurants and hotels is over 10% in all countries and represents 15% of the world's water footprint.
 At the global level, 11% of the water footprint is due to investment and 4% is due to government consumption.
 The contribution of the private expenditure in the housing, fuel & power category to the global water footprint is close to 6%, with higher shares in countries in which hydropower represents a relevant share of the electricity mix like in Brazil or Canada. 
Fig. 3. Water footprint per capita by final demand category (2008)
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Water trade balance
The differences that exist between the countries' value of water footprint and water use are related to the trade of water embodied in products. For instance, China accounts for 14.1% of the global water use. However, when analyzing the data for the water footprint, the Chinese percentage account for 12.2%. The reason is related to the fact that the water used in China to produce goods and services is higher than the quantity of water consumed by the Chinese population. Similarly, India, Brazil, Japan and Taiwan also have a water footprint value lower than their country water use. The opposite can be observed in countries like Australia, Canada, South Korea, Mexico, Russia, Turkey, the United States and the EU-27, where the water footprint is higher than the water use. This means that a part of their domestic water needs is satisfied with foreign resources embedded into products imported by trade. This also indicates potential for limited resilience of the virtual water network with respect to the possible decision of one of these suppliers to stop or reduce its exports; thus, the importing countries are left with limited options for the diversification of their virtual water providers (Carr et al., 2013) .
In order to quantify the main differences existing between water use and consumption, the equations [5], [6] and [7] , reported in the previous section, allow to quantify the water deficit (surplus) of a country. Defined as water trade balance, it is calculated as the difference between the water used to produce the goods and services exported and consumed abroad and the water used to produce the goods and services imported and consumed in a country. As summarized in the methodology section, the water footprint of a country equals the country's water use minus its virtual water trade balance. Therefore, the virtual water trade balance can be used to explain the differences between the water use and footprint highlighted in the previous section. In this regard, the virtual water trade results reported in this section will be oriented to highlight the water coverage ratio of countries and the origin and destination of bilateral water flows.
Water coverage ratio:
 According to Table A .5, in the year 2008, Japan, South Korea, the EU-27, Mexico, Taiwan, Turkey, the United States, and Russia all had a domestic coverage ratio below 100%. This means that, in the absence of trade, ceteris paribus, these countries would be unable to fully satisfy the domestic water demand with the current volume of water used.
 Australia, Brazil, Canada, China, India, Indonesia and the Rest of the World are the only regions with a coverage ratio over 100%. This means that these countries are net water exporters.
Water trade flows:
 According to data reported in Figure 4 , that summarize the water imports, exports and the virtual water trade balance between 1995 and 2008, the EU-27, Japan and the United States were the countries with the highest water trade deficit. The EU-27 and the Unites States are also the countries with the largest water deficit increase. Japan is the only country to reduce it.
 The Rest of the World (RoW),China, Brazil, Canada, India and Indonesia were the main net water exporters  Based on data reported on Table A .7, that shows the virtual trade flows between countries for the year 2008 5 , the Rest of the World (RoW) and China were the main origin of imports for almost all the countries considered in this paper, followed by the USA and Brazil.
 The EU-27 is a net virtual water importer from all the regions except Japan and South Korea. These two countries are the only ones with a virtual water deficit with all the regions considered in this paper. 
Limitations
However, we have to highlight some possible limitations derived from the dataset. One of the main shortcomings of using the WIOD for the analysis of water issues is the sector aggregation of the database. Although the water use in the agricultural sectors of the WIOD has been calculated at the crop level (Genty et al., 2012) , the MRIO only covers 35 sectors, with agricultural production grouped into one single industry, together with forestry and fishing. This can result in a sectoral aggregation bias when allocating the use of water of one country to the final demand of other. The problem lies on the implicit assumption of equal water intensities (per unit of output) across all grouped products. Similarly, the water content of one unit of output of the agriculture, fishing and forestry sector is also implicitly assumed to be the same irrespective of the industry buying their agricultural products (e.g. as if the food industry were merged with the paper industry), which is obviously not realistic. offer a comprehensive review of the literature regarding this issue in relation to CO2 emissions; and by de Koning et al. (2015) and Schoer et al. (2013) does the same for raw materials. However, while this bias could affect the results for some specific small countries or products, it does not invalidate the aggregated results for most of the countries (e.g. Schoer et al., 2013) .
On the other hand, the WIOD distinguishes 40 countries, covering more than 80% of global GDP, with the rest of the countries grouped in one single region, namely the RoW. Although the individual countries included in this region may not be so relevant from an economic point of view, the results of the whole region are important in terms of water, and this could lead to a bias due to the spatial aggregation of the Rest of the World . However, this does not invalidate our results: the 40 countries explicitly included in our paper represent two thirds of the global use of water and 70% of the water footprint.
Another source of uncertainty is the quality of the data on the use of water in industry and services. While the data on the water use in the agriculture sector, hydropower production and households could be consider of high quality, the data on the water used by manufacturing industries and services are just rough estimates based on the water input coefficients of the EXIOBASE database and the water use reported by Mekonnen and Hoekstra (2011a) (see Genty et al., 2012) . This data gap can, however, be considered a minor shortcoming, since the water use in those sectors is low compared to the other uses (e.g. according to Mekonnen and Hoekstra (2011a) the agricultural production contributes to more than 90% of the water use worldwide).
In spite of these limitations, the time series analyses provided in this paper are a good starting point to investigate changes in the use of water from a global perspective. Since water stress affects an ever higher number of regions, the availability of time series data for estimating the water used, consumed and traded between countries is an important starting point both for future researchers and for policies aimed at reducing water scarcity.
Conclusions
In this paper, the World Input-Output Database (WIOD) and a multiregional input-output model have been used to estimate, for the first time, a time series data of water use, water footprint and virtual water trade balance. Data are presented disaggregated for 40 countries plus the rest of the world for the period 1995-2008.
The main results highlight that the majority of water use increases that took place between 1995 and 2008 mainly affected the water resources of developing countries. However, an increasing share of the water used in water-rich countries, such as China, Brazil, Canada, India and Indonesia (FAO, 2003) is devoted to sustain the consumption of developed countries. This fact is reflected in the growing quantity of water embodied in the exports from resource-rich developing countries to developed countries. These results link with previous studies analyzing global virtual water trade and comparative advantage (Debaere, 2014; Fracasso, 2014) , and can also be used to expand this branch of the literature. In addition, increasing water consumption rates seem to be completely unsustainable in the medium-long term, with overall increases being 37% in the 14 years considered in this paper. Based on this annual growth rate, global water consumption would increase by a factor of 2 in the next 30 years.
The increasing water stress that exists at global level and the rising number of water-scarce countries, particularly located in developing areas of the globe, need to be urgently addressed by policies oriented to promote a sustainable and global management of water resources. The time series data provided in this paper offer essential information to support governments and international organizations in accounting not only for the domestic water supply, but also for the total water used worldwide to sustain the consumption of countries. Within this context, the quantification of water use, water footprint and the virtual water trade, together with the identification of the main water importer and exporter countries, are useful information to help assess each country's responsibilities in terms of water scarcities. The data provided in this paper can also be used to investigate the impacts of international trade, the water dependencies of countries and to provide scenario or forecasting exercises. By adopting a global perspective and by quantifying the water variation over time, this paper is a viable and good starting point for promoting analyses oriented towards the investigation of the main drivers and responsibilities related to water use, together with the planning of sustainable water policies.
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